
Urol Res (1994) 22:317-321 �9 Springer-Verlag 1994 

X. H. Zhang �9 I. Takenaka 

Basement membrane and tumor invasion: ultrastructural observations 
in the basement membrane of rat bladder with invasive transitional cell 
carcinoma induced by N-butyI-N-(4-hydroxybutyl)nitrosamine 

Received: 16 December 1993/Accepted: 24 June 1994 

Abstract This study describes ultrastructural alterations 
in the basement membrane (BM) of rat bladder with 
invasive transitional cell carcinoma (TCC) induced by 
N-butyl-N-(4-hydroxybutyl)nitrosamine. Various altera- 
tions including thickening, degradation and neosynthesis 
were found in the bladder BM of one rat with invasive 
TCC. Focal destruction of both the BM lamina zones was 
found in addition to partially degraded BMs showing focal 
degradation and loss of only the BM lamina rara. Neosyn- 
thesis of complete BM including the lamina rara and 
lamina densa was observed surrounding the nests of 
carcinoma cells deep in the stroma, while neosynthesis of 
incomplete BM including only a lamina densa-like struc- 
ture was also found around carcinoma cells which had just 
crossed the BM into the adjacent stroma from the original 
tumor masses. There was an increased hemidesmosomal 
frequency in some areas of thickened BM, and focal loss of 
hemidesmosome in the areas of degraded BM. It is 
suggested that BM degradation may take place in two 
steps, and that BM neosynthesis may also be a two-step 
process in invasive TCC of rat bladder. 
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Basement membrane (BM) comprises a ubiquitous extra- 
cellular matrix found at the boundary of the epithelial cells 
and connective tissue stroma. At the level of pathological 
anatomy, the BM can be understood as the structural 
barrier to the invasion and metastatic behavior of malig- 
nant ceils. Tumor invasion can be defined as the active 
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migration of neoplastic cells out of their tissue of origin 
and into different types of adjacent tissue. During the 
transition from in situ to invasive carcinoma, tumor cells 
penetrate the epithelial BM and enter the underlying 
interstitial stroma [17]. As a general feature of all types 
of carcinoma [1], defects in the BM are associated with 
the tumor invasion [15]. Although the loss of BM in 
invasive carcinoma has received much attention, several 
ultrastructural studies have demonstrated tumor in- 
vasion in the presence of an essentially complete BM [5, 
8] and a thickened BM [6]. N-Butyl-N-(4-hydroxybutyl)- 
nitrosamine (BBN) has been proved to be an effective 
organ-specific carcinogen on urinary bladder of rat, and 
is widely used in the study of bladder tumor in animal 
models [13, 14]. This study reports various changes in 
the BM of rat bladder with invasive TCC induced by 
administration of BBN for 28 weeks using transmission 
electron microscopy (TEM). 

Materials and methods 

Twenty male Wistar rats (Kurea, Osaka, Japan), 7 weeks of age at 
the start of the experiment were divided into a BBN group 
(15 rats) and a control group (5 rats). Rats were housed three to a 
polycarbonate cage, placed in an environmentally controlled room 
illuminated for 12 h/day. BBN (Kasei, Tokyo, Japan) was admin- 
istered at 0.05% in drinking water for 28 weeks in the BBN group. 
All 15 rats in the BBN group and the 5 rats in the control group 
were put to death 28 weeks from the start of the experiment. The 
specimens of rat bladder obtained were examined by light mi- 
croscopy and TEM, respectively. For light microscopy one part of 
the bladder was placed in 10% formalin and processed for paraf- 
fin embedding. Each paraffin block was step-sectioned and stained 
with hematoxylin and eosin. Multiple sections of each bladder 
were examined. For TEM observation the specimens were cut into 
4 • 4 • 4-mm blocks and fixed with 2.5% glutaraldehyde for 4 h at 
room temperature. Following a phosphate buffer wash, the speci- 
mens were post-fixed in 1% osmic acid for 2 h, then dehydrated in 
graded ethanols, treated with propylene oxide and embedded in 
Epon 812. Ultrathin sections were cut on a LKB ultramicrotome 
with a diamond knife and examined with a Hitachi JEM-1200 EX 
TEM. 
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Fig. 1 The BM is smoothly arranged at the junction of the basal 
epithelia and interstitial stroma. Two distinct BM zones, the 
lamina tara and the lamina densa, are of the same thickness (4). 
The hemidesmosomes are also observed on the plasma membrane 
of basal cells. Control group, 28 weeks, TEM, • 

Fig. 2 Focal thickening in the BM (~) of rat bladder with invasive 
TCC. The lamina rara is thickened to the same extent as the 
lamina densa. BBN group, 28 weeks, TEM, • 15000 

Fig. 3 Focal destruction is observed in the BM of rat bladder with 
invasive TCC. Both BM lamina zones are degraded (4). BBN 
group, 28 weeks, TEM, • 

Fig. 4 Partially degraded BM and focal degradation of the lamina 
rara in the BM (4) of rat bladder with invasive TCC. An increased 
hemidesmosomal frequency is observed in the thickened BM area. 
BBN group, 28 weeks, TEM, • 

Fig. 5 Partially degraded BM, showing focal loss of only the BM 
lamina rara, is found in the BM of rat bladder with invasive TCC. 
The carcinoma cells are covered only by the BM lamina densa (4). 
BBN group, 28 weeks, TEM, • 

Fig. 6 Neosynthesis of incomplete BM with only a lamina densa- 
like structure (~) is found surrounding the tumor cells which have 
just crossed the BM into the stroma from the original tumor 
masses. BBN group, 28 weeks, TEM, • 

Results 

Light microscopic findings 

In  the  c o n t r o l  g r o u p  the  ra t  b l a d d e r  e p i t h e l i u m  a p p e a r e d  
n o r m a l  in all  f ive rats.  In  the  B B N  g r o u p  invas ive  T C C  o f  
the  b l a d d e r  was  o b s e r v e d  in all  15 rats.  T h e  b l a d d e r  t u m o r  
h a d  foca l ly  i n v a d e d  in to  the  musc le  layers ,  bu t  h a d  n o t  
gone  b e y o n d  the  ra t  b l a d d e r  wall .  



Fig. 7 Higher magnification of 
Fig. 6, • 

Fig. 8 Neosynthesis of com- 
plete BM including both BM 
lamina zones (4) around the 
nests of tumor cells deep in the 
stroma. BBN group, 28 weeks, 
TEM, • 
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TEM findings 

In the control group the continuous BM was smoothly 
arranged at the junction of the basal epithelia and 
interstitial stroma. The lamina rara and lamina densa, the 
two distinct zones of the BM, were of the same thickness 
(Fig. 1). The hemidesmosomes connecting the basal cells 
to the BM were observed on the plasma membrane of 
basal cells adjacent to the BM. In the BBN group various 
alterations were obserized in the BM of rat bladder with 
invasive TCC. 

Focal thickening and loss in the BM 

Focal thickening and loss in the BM were observed in all 
15 rats with invasive TCC. Both thickened and degraded 
BM could be observed just in one rat bladder, although in 
different parts. In the area of  thickened BM the lamina 
rara was thickened to the same extent as the lamina densa 
(Fig. 2). In the areas of  degraded BM, focal destruction of 
the two BM lamina zones was found as well as focal 
degradation and loss of only the BM lamina rara. With 
focal destruction there was no BM at the junction of the 
tumor  cells and the adjacent s t roma (Fig. 3). With focal 
degradation the BM was partially degraded, with only the 
lamina densa remaining at the junction of the tumor cells 
and the adjacent s t roma (Figs. 4, 5). 

Neosynthesis of BM components 

Neosynthesis of BM components was found surrounding 
the carcinoma cell islets invading the interstitial stroma. 
Format ion of an incomplete BM of only a lamina densa- 

like structure was found surrounding the carcinoma cells 
which had just crossed the BM into the adjacent s t roma 
from the original tumor masses (Figs. 6, 7), while the 
formation of complete BM including both the lamina rara 
and lamina densa was also found around the nests of 
carcinoma cells deep in the interstitial s troma (Fig. 8). 

Alterations in hemidesmosomal frequency 

Focal loss of  hemidesmosome was accompanied by tumor 
invasion and BM degradation (Fig. 3). An increased 
hemidesmosomal frequency was observed in some areas of 
thickened BM (Fig. 4). 

Discussion 

With its function of separating the epithelial and other 
cells from the surrounding stroma, the BM presents an 
obstacle for invading tumor  cells [1]. Consequently the 
process of tumor invasion and metastasis is characterized 
by loss of  BM. This loss and destruction of BM is accom- 
panied by an increased release of  proteolytic enzymes that 
digest BM and decreased formation of BM [17]. It is 
believed that the tumor cells directly secrete degradative 
enzymes or induce the host to produce proteolytic en- 
zymes to degrade the BM [15]. Consequently, at the point 
of invasion the BM is usually discontinuous [4, 12]. The 
results of  this study also show that tumor  invasion is 
accompanied by BM degradation in invasive TCC of rat 
bladder induced by the administration of BBN. 

Some authors have reported that focal defects in the 
continuity of the BM lamina densa can be found in in situ 
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Fig. 9 a-c The two steps of BM degradation, a Thickened BM of rat 
bladder with invasive TCC. b Partially degraded BM, representing 
focal loss of onty the BM lamina tara. e Focal toss of both BM lamina 
zones 

carcinoma lesions, and that these defects can be regarded 
as the earliest stages of progression to invasive carcinoma 
[17]. However, it is worth noting that in our study both 
destruction of two BM distinct zones and degradation of 
only BM lamina rara were observed, indicating that the 
degradation of lamina rara may occur earlier than the 
degradation of lamina densa in the process of tumor 
invasion. Based on these findings, it is suggested that the 
degradative process of  BM in the invasive TCC of rat 
bladder may be in two steps, and the loss of the BM lamina 
rara may be regarded as the first step of BM degradation 
(Fig. 9). It is also indicated that the loss of the lamina rara 
may be induced by an increased release of degradative 
enzymes directly secreted from the carcinoma cells on the 
lamina rara while the loss of  the lamina densa may be due 
to an increased release of proteolytic enzymes secreted 
both by the carcinoma cells and by mesenchymal cells. Of 
course, decreased synthesis of  BM components also plays 
an important  role in the degradation of the BM lamina 
rara and lamina densa. 

The epithelial cells not only degrade, but also produce, 
their own BM and may continue doing so after malignant 
t ransformation [ 16]. Previous studies also reported several 
continuous BMs and thickened BMs in invasive carcino- 
ma [5, 6, 8]. It is well known that one of the major 
characteristics of invasive carcinoma is its behavior of 
invasion and metastasis, but it is also crucial to remember 
that the invasive tumor  cells are characterized by the 
highest cellular metabolic activity. Thus, the invasive 
tumor cells may release large amounts of secretory 
product of cellular metabolism that are believed to be the 
necessary components of a BM. In this study focal 
thickening in the BM of rat bladder with invasive TCC was 
frequently observed, and the lamina rara was thickened to 
the same extent as the lamina densa. It is suggested that the 
thickened BM in invasive TCC of rat bladder may result 
f rom increased synthesis of BM components,  and the 
occurrence of thickened BM in invasive carcinoma can be 

Fig. 10a, b The two steps of BM neosynthesis, a Formation of 
incomplete BM with only a lamina densa-line structure surrounding 
the carcinoma celIs which have just crossed the BM into the adjacent 
stroma from the original tumor masses, b Formation of complete 
BM including both BM lamina zones around the nests of carcinoma 
cells deep in the interstitial stroma 

expected, whether degradation and loss in the BM can be 
found or not. 

In previous studies, neosynthesis of  BM components  
was found surrounding the tumor cell islets in cases of 
invasion [9, 10]. On the other hand, some authors reported 
that normal epithelial and benign tumor  cells may require 
a BM for at tachment and growth [20]; in contrast the 
invasive tumor  cells may not have this requirement [1]. In 
the present study neosynthesis of complete BM was found 
around the nests of carcinoma cells deep in the stroma, 
while neosynthesis of incomplete BM including only the 
lamina densa-like structure was also found surrounding 
the carcinoma cells which had just crossed the BM into the 
adjacent s troma from the original tumor masses. It  means 
that formation of the lamina densa may occur earlier than 
formation of the lamina rara in neosynthesis of BM. These 
findings suggest that neosynthesis of  BM in the invasive 
TCC of rat bladder may also be in two steps (Fig. 10), and 
neosynthesis of  the BM lamina ra ta  may be carried out by 
carcinoma cells on the lamina rara, while neosynthesis of  
the BM lamina densa may be carried out both by 
carcinoma cells and by mesenchymal cells. The difference 
in localization between complete BM and incomplete BM 
may be explained as follows: 

1. Before penetrating the BM and into the adjacent 
stroma, the carcinoma cells must dissolve and destroy the 
BM. It therefore appears logical that the carcinoma cells 
cannot possess a complete BM when they have just crossed 
the BM into the adjacent s t roma from the original tumor 
masses. 
2. The carcinoma cells that have invaded the s t roma may 
require a complete BM for at tachment and growth. This 
requirement has resulted in the formation of a complete 
BM around the tumor cell islets deep in the s t roma due to 
an increased secretion of BM components both by carci- 
noma cells and by mesenchymal cells. 
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In the present  s tudy,  a l though  the u l t r a s t ruc tu ra l  observa-  
t ions showed var ious  a l te ra t ions ,  inc luding th ickening,  
d e g r a d a t i o n  and  neosynthes is  as men t ioned  above ,  in the 
BM of  ra t  b l adde r  in a s imi lar  case, the h is to logica l  
f indings d i sp layed  invasive T C C  of  b l adde r  in all 15 rats  
fo l lowing the a d m i n i s t r a t i o n  of  BBN for  28 weeks. The  
reason  for  this p h e n o m e n o n  may  be the dua l  p roper t i e s  
shown by the ca r c inoma  cells. One p r o p e r t y  is to degrade  
and  pene t r a t e  t h rough  the BM into the ad jacen t  s t r oma  
tissues t h rough  an increased  release of  degrada t ive  en- 
zymes. The  o ther  p r o p e r t y  is to synthesize the B M  by 
means  of  increased  secre t ion  of  the BM componen t s .  Of  
course,  the mesenchymal  cells m a y  p l ay  the ma jo r  role in 
bo th  the d e g r a d a t i o n  and  neosynthesis  o f  BM. 

The func t ion  of  the h e m i d e s m o s o m e s  is though t  to be 
adhes ion  be tween the epi thel ia l  cells and  their  basa l  
lamina .  In  prev ious  studies m a n y  au thors  have r epo r t ed  
decreased  h e m i d e s m o s o m a l  f requency in the ma l ignan t  
lesions [11, 18, 19]. The decreased  n u m b e r  of  hemide smo-  
somes m a y  resul t  f rom fai lure of  h e m i d e s m o s o m a l  fo rma-  
t ion or  f rom increased  h e m i d e s m o s o m a l  d e g r a d a t i o n  [19]. 
In this s tudy  the focal  loss o f  h e m i d e s m o s o m e s  was 
a c c o m p a n i e d  by  BM degrada t ion ,  while and  increased  
h e m i d e s m o s o m a l  f requency  could  be found  in some areas  
of  th ickened  BM. Based  on these f indings it is suggested 
tha t  focal  loss of  h e m i d e s m o s o m e s  m a y  resul t  f rom 
increased  h e m i d e s m o s o m a l  deg rada t i on  in the invasive 
TCC.  The increased  h e m i d e s m o s o m a l  f requency  in the 
th ickened  B M  area  m a y  be cons idered  the result  of  
increased h e m i d e s m o s o m a l  fo rma t ion ,  because  hemides-  
m o s o m e  f requency  is pos i t ive ly  cor re la ted  with cell p ro -  
l i fera t ion  [7]. I t  has  been r epor t ed  tha t  the  reduct ions  in 
h e m i d e s m o s o m a l  f requency  could  reflect  an  increased 
mobi l i ty  o f  basa l  epi thel ia l  cells and  a decreased  adherence  
of  basa l  cells to the ad jacen t  basa l  l amina  [19]. Thus,  
t umor - invas ive  processes  m a y  also be charac te r ized  by  
h e m i d e s m o s o m a l  degrada t ion .  
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